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5 

The present invention relates to plasmids containing 
DNA-sequences which contain information that, after 
insertion into a plant genome, cause changes in the 
carbohydrate concentration and the carbohydrate 
10 composition in regenerated plants, as well as plant cells 
and plants containing sequences from these plasmids. 

Because of the continual growth in word population, there 
is a continually growing demand for nutrient and raw 
15 materials. It is the task of biotechnological research to 
achieve a change of the content as well as yield of crops. 
To do this the metabolism of the plants has to be altered. 

A particular interest is the possibility of using plant 
20 ingredients as renewable raw material sources e.g. for the 
chemical industry. This is especially of great importance 
for two reasons. Firstly, up to now, mineral oil and coal 
deposits have been the main source of raw materials for 
the petrochemical industry but these deposits are finite 
25 and it can be seen that alternative, renewable raw 
material sources must be developed. 

Secondly, the present situation of agriculture in Europe 
and North America has lead to a surplus of crops grown for 
30 their nutritive properties. This causes obvious financial 
and political problems in agriculture. Alternative 
products for which there is a higher quantitative demand 
could be a solution to this problem. 

Renewable raw materials can be divided into fats and oils, 
35 proteins and carbohydrates, such as mono-, di-, oligo- and 
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polysaccharides. The most important polysaccharides are 
starch and cellulose. In the EEC, the total starch 
production in 1987-1988 comprised maize (60%) , wheat (19%) 
and potato (21%) . 

For an increasing use of plant starch as an industrial raw 
material the quality of the starch must meet the demands 
of the processing industry. Important considerations 
include the amylose to amylopectin ratio, the chain 
length, the branching grade of the amylopectin as well as 
the size of the starch granules. 



The main biochemical synthetic pathways for the production 
of starch in higher plants are well known. Starch consists 

15 of amylose and amylopectin, in which the amylose consists 
of a linear o-l,4-glucan and amylopectin consists of 
a-l/4-glucans, which are connected to each other via 1,6- 
linkages and thus form a branched polyglucan. The so- 
called branching enzyme (Q-enzyme) is responsible for the 

20 introduction of the o-l,6-linkage. One method for the 

production of starch which only has a linear a-l,4-glucan 
structure is therefore by the inhibition of the enzymatic 
activity of the proteins and/or the inhibition of the 
biosynthesis of the branching enzyme. New biotechnology 

25 processes for the genetic alteration of dicotyledonous and 
monocotyledonous plants by transfer and stable 
installation of single isolated genes or groups of genes 
are known (Gasser and Fraley, Science 244, 1293-1299). The 
possibility of specific expression of foreign genes 

30 inserted in the plant by gene technology, primarily in 

potato tubers, is also known (EP 375092 and Rocha-Sosa et 
al., EMB0 J. 8., 23-29 (1989)). 



35 



The present invention provides plasmids containing 
DNA-sequences which contain information that, after 
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insertion into a plant genome, cause changes in the 
carbohydrate concentration and the carbohydrate 
composition in regenerated plants. 

5 The invention further provides plant cells containing 

sequences from these plasmids which can be regenerated to 
whole plants, as well as plants containing sequences from 
these plasmids. 

10 The term "plant" means a commercially useful plant, 

preferably maize, barley, wheat, rice, peas, soya beans, 
sugar cane, sugar beet, tomato, potato or tobacco. 

Carbohydrates which can be altered by the DNA sequences 
15 are mono-, di-, oligo- or polysaccharides. Starch is an 
example of a polysaccharide which can be modified in 
plants and plant cells. 

With the plasmids of the invention, it is possible to 
20 modify the amy lose to amylopectin ratio of the starch in 
plant cells and in plants. This is possible through the 
presence of a branching enzyme, located on the plasmid, 
which has the following sequence: 

10 20 30 40 50 60 

1 TCAG6AGCG67C776G6ATAT77CTTCCACCCCAAAA7CAAGAG77AGAAAAGA7GAAAG 

SI GAT6AA6CACASTTCAGCTATTTCCGCT6TTTTGACC6ATGACAATTCGACAAT6GCACC 

121 CCTAGA6GAAGATGTCAACACTGAAAATATTGGCCTCCTAAATTTGGATCCAACTTTGGA 

181 ACCTTATCTA6ATCACTTCAGACACA6AATGAAGAGATATGTGGATCAGAAAATGC7CAT 

24 1 T6AAAAATAT6AGGGACCCCTT6A6GAATTTGCTCAAGGTTATTTAAAATTT6GATTCAA 

301 CAGGGAAGAT6GTTGCATA6TCTATCGTGAAT6G6CTCCTGCT6CTCAGGAAGCAGAAGT 

361 TATTGGCGATTTCAATG6TAGGAACGGTTCTAACCACATGATGGAGAAG6ACCAGTTTGG 

421 T6TTTG6A6TATTAGAATTCCT6ATGTT6ACAGTAA6CCAGTCATTCCACACAACTCCAG 

4 81 A6TTAA6TTTCGTTTCAAACAT66TAATGGA6T6TG66TAGATCGTATCCCTGCTT6GAT 

541 AAAGTAT6CCACT6CA6ACGCCACAAAGTTT6CAGCACCATATGAT6GT6TCTACTGG6A 

601 CCCACCACCTTCAGAAAGGTACCACTTCAAATACCCTCGCCCTCCCAAACCCCGA6CCCC 

661 AC6AATCTAC6AA6CACATGTC66CAT6A6CA6CTCT6AGCCACGT6TAAAT7CGTATCG 

721 76A6777GCA6ATGAT677T7ACC7CGGA77AAGGCAAA7AAC7A7AA7AC7G7CCAG77 
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78 1 6AT6SCCATAAT6GAACATTCTTACTAT66ATCATTT66ATATCAT6TTACAAACTTTTT 
8(1 T6CT6T6A6CAATA6ATAT6GAAACCCG6A6GACCTAAAGTATCT6ATA6ATAAA6CACA 
90 1 TA6CTT666TTTACA6GTTCTG6T66AT6TA6TTCACAGTCAT6CAAGCAATAAT6TCAC 
961 T6AT66CCTCAAT66CTTT6ATATTGGCCAA6GTTCTCAA6AATCCTACTTTCAT6CT6G 
1021 A6AGCGAGG6TACCATAA6TTGTG66ATAGCA6GCT6TTCAACTATGCCAATTG66AGGT 
1081 TCTTCGTTTCCTTCTTTCCAACTTGAGGT6GT6GCTAGAAGAGTATAACTTTGAC6GATT 
11*1 TCGATTTGAT6GAATAACTTCTAT6CTGTATGTTCATCATGGAATCAATATG6GATTTAC 
1201 A66AAACTATAAT6A6TATTTCAGCGA6GCTACAGATGTT6ATGCTGTG6TCTATTTAAT 
1261 6TT6GCCAATAATCTGAT7CACAA6ATTTTCCCA6AC6CAACT6TTATT6CC6AAGAT6T 
1321 TTCT6GTAT6CC6G6CCTTA6CC66CCT6TTTCTGAG6GA6GAATT66TTTT6ATTACC6 
1381 CCT66CAATGGCAATCCCA6ATAAGTG6ATA6ATTATTTAAAGAATAAGAAT6AT6AAGA 
1**1 TTG6TCCATGAA66AA6TAACATC6A6TTTGACAAATAG6A6ATATACAGAGAAGTGTAT 
1501 A6CATAT6C6GA6A6CCATGATCA6TCTATTGTCGGTGACAAGACCATTGCATTTCTCCT 
1S61 AAT6AACAAA6A6AT6TATTCT66CAT6TCTT6CTTGACAGATGCTTCTCCTGTT6TTGA 
1621 T6CA6GAATTGC6CTT6ACAA6AT6ATCCATTTTTTTCACAATGGCCTT6GGA6GAGA6G 
1681 66TACCTCAATTTCATG66TAAC6AGTTTGGCCATCCTGAGTGGATTGACTTCCCTAGTG 
1741 AGG6CAATAATT66AGTTAT6ACAAAT6TA6AC6CCA6T6GAACCTCGCAGATAGC6AAC 
1801 ACTTGA6ATACAAGTTTAT6AAT6CATT7GATA6AGCTATGAATTCGCTC6AT6AAAAGT 
1 86 1 TCTCATTCCTCGCATCAGGAAAACAGATA6TAAGCAGCATGGAT6ATGATAATAAG6TTG 
1921 TT6TGTTTGAACGT6GTGACCT6GTATTTGTATTCAACTTCCACCCAAATAACACATACG 
1981 AAG66TATAAAGTT66AT6T6ACTTGCCAG6GAA6TACA6A6TTGCACTG6ACAGTGATG 
20*1 CTT666AATTTG6T66CCAT66AA6A6CTGGTCAT6ATGTT6ACCATTTCACATCACCAG 
2101 AA6GAATACCTGGA6TTCCAGAAACAAATTTCAATGGTC6TCCAAATTCCTTCAAA6T6C 
2161 TGTCTCCTGCGC6AACATGTGTGGCTTATTACAGAGTTGAT6AACGCATGTCATAAACTG 
2221 AA6ATTACCA6ACAGACATTT6TA6T6A6CTACTACCAACA6CCAATATC6A6GAAAGT6 
2281 ACGA6AAACTTAAAGATTCATCATCTACAAATATCAGTACATCATCTACAAAAAAT6CTT 
23* 1 ATTACA6AGTT6ATGAAC6CAT6TCAGAA6CTGAAGATTACCAGACAGACAT7T6TAGTG 
2*01 AGCTACTACTACCAACAGCCAATATC6A66A6A6T6AC6A6AAACTT6AT6ATTCATTAT 
2*61 CTACAAATATCA6TAACATTG6TCA6ACTGTT6TA6TTTCT6TT6AG6AGAGA6ACAAG6 
2521 AACTTAAA6ATTCACCATCTGTAAGCATCATTAGTGAT6CTGTTCCA6CT6AAT6GGCTG 
2581 A7TC6GATGCAAAC6TCTG6GGTGA66ACTA6TCA6ATGATTGATCGATCCTTCTACGTT 
26*1 GGT6ATCTC66TCCGT6CATGATGTCTTCAGGGTGGTAGCAT7GACTGATTGCATCATAG 
2701 TTTTTTTTTTTT7TTTTAAGTATTTCCTCTAT6CATATTATTAGCATCCAATAAATTTAC 
276 1 TG6TT6TTGTACATAGAAAAAGT6CATTTGCATGTATGTGTTTCTCTGAAATTTTCCCCA 
2821 GTTTT6GTGCTTT6CCTTT6GA6CCAA6TCTCTATA7GTAATAAGAAAACTAA6AACAAT 
2881 CACATATATAAAAT6TTAGTA6ATTACCA . 
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The property of the branching enzyme to modify the 
amylose/amylopectin ratio in starch is not limited to a 
coding sequence exactly as it is shown here but can also 
be represented by slightly different nucleotid sequences. 
5 The property of the branching enzyme is also not changed 
when the plasmids containing the branching enzyme, are 
modified in the plant cell or the plant. 

To be active, the DNA sequence of the branching enzyme is 
10 fused to the regulatory sequences of other genes which 

guarantee a transcription of the DNA (coding) sequence of 
the branching enzyme. The DNA sequence can also be fused 
in an inverted direction to the regulatory sequences of 
other genes, whereby the 3»-end of the coding sequence is 
15 fused to the 3 f -end of the promoter and the 5' -end of the 
coding sequence is fused to the 5 '-end of the termination 
signal. In this way an anti-sense RNA of the branching 
enzyme is produced in the plant. The regulatory sequences 
are hereby promoters and termination signals of plant or 
20 viral genes, such as for example the promoter of the 35S 

RNA of the cauliflower mosaic virus or the promoter of the 
class I patatin-gene B 33 and the termination signal of 
the 3' -end of the octopine synthase gene of the T-DNA of 
the Ti-plasmid pTiACHS . 

25 

Plant cells containing sequences from these plasmids can 
be regenerated in known manner to complete transgenic 
plants. It is possible to insert simultaneously, more than 
one copy of these sequences into a plant cell or plant. 



30 
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The following plasmids were deposited at the Deutsche 
Sammlung von Mikroorganismen (DSM) in Braunschweig, 
Germany on the 20th August 1990 (deposit number) : 

5 Plasmid P35 S-BE (DSM 6143) 

Plasmid P35 S-anti-BE (DSM 6144) 

Plasmid P33-BE (DSM 6145) 

Plasmid P33-anti-BE (DSM 6146) 

10 ngscriptj rm of the Figures 

Figure 1 shows the restriction map of the 13.6 kb plasmid 
P35 S-BE. The plasmid contains the following fragments. 

15 A Fragment A (529 bp) contains the 35S promoter of 

the cauliflower mosaic virus (CaMV) . The 
fragment contains the nucleotides 6909-7437 of 
the cauliflower mosaic virus. 

20 b = Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

C = Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
25 Ti-plasmid pTiACHS from the nucleotide 11749 to 

11939. 

Also shown are the cleavage sites described in Example l. 

30 Figure 2 shows the restriction map of the 13.6 kb plasmid 
P35 s-anti-BE. The plasmid contains the following 
fragments : 

A = Fragment A (529 bp) contains the 35S promoter of 
35 • the cauliflower mosaic virus (CaMV) . The 
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fragment contains the nucleotides 6909 to 7437 
of the CaMV. 

B = Fragment B (2909 bp) contains the DNA fragment 
5 which codes for the branching enzyme. 

C = Fragment C (192 bp) contains the polyadenylation 
signal of gene 3 of the T-DNA of the Ti-plasmid 
pTiACHS. The fragment contains the nucleotides 
10 11749-11939. 

Also shown are the cleavage sites described in Example 2. 

Figure 3 shows the restriction map of the 14.6 kb plasmid 
15 P33-BE. The plasmid contains the following fragments. 

A = Fragment A (1526 bp) contains the Dral-Dral- 

fragment of the promoter region of the patatin- 
gene B33. The fragment contains the nucleotide 
20 positions -1512 to +14. 

B = Fragment B (2909 bp) contains the DNA fragment 
which codes for the branching enzyme. 

25 c Fragment C (192 bp) contains the polyadenylation 

signal of the gene 3 of the T-DNA of the 
Ti-plasmid pTiACHS. The fragment contains the 
nucleotide positions 11749-11939. 

30 Also shown are the cleavage sites described in Example 3. 

Figure 4 shows the restriction map of the 14.6 plasmid 
P33-anti-BE. Plasmid contains the following fragments: 



35 A 



Fragment A (1526 bp) contains the Dral-Dral 
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8 

fragment of the promoter region of the patatin 
gene B 33. The fragment contains the nucleotide 
position -1512 to +14. 

Fragment B (2909 bp) contains the cDNA-fragment 
which codes for the branching enzyme. 



C = Fragment C (192 bp) contains the polyadenylation 
signal of the gene 3 of the T-DNA of the 
10 Ti-plasmid pTiACHS. The fragment contains the 

nucleotides 11749-11939. 

Also shown are the cleavage sites described in Example 4. 

15 In order to understand the examples forming the basis of 
this invention all the processes necessary for these tests 
and which are known per se will first of all be listed: 

1. Cloning process 

20 The vectors pUCl8/19 and pUC118, and the M13mpl0 

series (Yanisch-Perron et al. , Gene (1985), 33, 103- 
119) were used for cloning. 

For plant transformation, the gene constructions were 
25 cloned into the binary vector BIN19 (Bevan, Nucl. 

Acids Res. (1984), 12, 8711-8720). 

2. Bacterial strains 

The E. coli strain BMH71-18 (Messing et al. , Proc. 
30 Natl. Acad. Sci. USA (1977), 24, 6342-6346) or TBI 

was used for the pUC and M13 mP vectors. 

For the vector BIN19 exclusively the EL. coli strain 
TBI was used. TBI is a recombinant-negative, 
35 tetracycline-resistant derivative of strain JM101 
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(Yanisch-Perron gt al. , Gene (1985), 33, 103-119). 
The genotype of the TBI strain is (Bart Barrel, 
personal communication): F'(traD36, proAB, lad, 
lacZAMIS) , A (lac, pro), SupE, this, recA, 
5 Sri: :TnlO(TcR) . 

The transformation of the plasmids into the potato 
plants was carried out by means of the Aarobacterium 
tumefaciens strain LBA4404 (Bevan, M. , Nucl. Acids 
10 Res. 12, 8711-8721, (1984); BIN19 derivative). 

3. Transforma tion of Aarobacterium tumefaciens 

In the case of BIN19 derivatives, the insertion of 
the DNA into the agrobacteria was effected by direct 

15 transformation in accordance with the method 

developed by Holsters e£ &1. , (Mol. Gen. Genet. 
(1978), 163, 181-187). The plasmid DNA of transformed 
agrobacteria was isolated in accordance with the 
method developed by Birnboim and Doly (Nucl. Acids 

20 Res. (1979), 7, 1513-1523) and was separated by gel 

electrophoresis after suitable restriction cleavage. 

4. Plant transformation 

10 small leaves, wounded with a scalpel, of a sterile 
25 potato culture were placed in 10 ml of MS medium with 

2 % sucrose containing from 30 to 50 Ml of an 
Aar obact er ium fr^F?** an i*^in fi overnight culture grown 
under selection. After from 3 to 5 minutes gentle 
shaking, the Petri dishes were incubated in the dark 
30 at 25°C. After 2 days, the leaves were laid out on MS 

medium with 1.6 % glucose, 2 mg/1 of zeatin ribose, 
0.02 mg/1 of naphthylacetic acid, 0.02 mg/1 of 
gibberellic acid, 500 mg/1 of claforan, 50 mg/1 of 
kanamycin and 0.8 % Bacto agar. After incubation for 
35 one week at 25°C and 3000 lux, the claforan 
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concentration in the medium was reduced by half. 
The regeneration and cultivation of the plants were 
carried out according to known processes (Rocha-Sosa 
et al EMBO Journal 8_, 23-29 (1989) . 

5 . Anal ysis «f genomic DNA fro m transgenic potato plants 
The isolation of genomic plant DNA was effected in 
accordance with Rogers and Bendich (Plant Mol. Biol. 
(1985), 5, 69-76. 

For the DNA analysis, after suitable restriction 
cleavage, 10 to 20 nq of DNA were analysed by means 
of Southern blots for the integration of the DNA 
sequences to be investigated. 

6 . Analysis of the total RNA fro m transgenic potato 
plants 

The isolation of plant total RNA was carried out in 
accordance with Logemann et al. (Analytical Biochem. 
(1987), 163, 16-20). — — - 

For the analysis, 50 fig portions of total RNA were 
investigated by means of Northern blots for the 
presence of the transcripts sought. 



25 



7. P-ro-fce in e vtraction 

For the extraction of total protein from plant 
tissue, pieces of tissue were homogenised in protein 
extraction buffer (25 mM sodium phosphate pH 7.0, 
30 2 mM sodium hydrogen sulphite) , with the addition of 

0.1 % (w/v) of insoluble polyvinylpyrrolidone (PVP) . 

After filtration through cellulose, cell detritus was 
centrifuged off for 20 minutes at 10,000 revolutions 
35 per minute and the protein concentration of the 
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supernatant was determined in accordance with the 
method developed by Bradford (Anal. Biochem. (1976)/ 
22, 248-254). 



5 8. Detection Qf forei gn proteins bv means of 
^Tnu pQ^oaical processe s fWestern blot) 
The protein extracts were separated according to 
molecular weight by means of gel electrophoresis in 
SDS-PAGE (sodium dodecylsulphate polyacrylamide) 

10 gels. After SDS-PAGE the protein gels were 

equilibrated for from 15 to 30 minutes in transfer 
buffer for graphite electrodes (48 g/1 of tris, 39 
g/1 of glycine, 0.0375 % SDS, 20 % methanol) and then 
transferred in a cooling chamber to a nitrocellulose 

15 filter and separated at 1.3 mA/cm 2 for from 1 to 2 

hours. The filter was saturated for 30 minutes with 3 
% gelatin in TBS buffer (20 mM tris/HCl pH 7.5, 500 
mM NaCl) , and the filter was then incubated for 2 
hours with the appropriate antiserum in a suitable 

20 dilution (1:1000 -? 10000 in TBS buffer) at room 

temperature. The filter was then washed for 
15 minutes each with TBS, TTBS (TBS buffer with 0.1% 
polyoxyethylene-(20)-sorbitan monolaurate) and TBS 
buffer. After being washed, the filter was incubated 

25 for 1 hour at room temperature with alkaline 

phosphatase-conjugated goat-anti-rabbit (GAR) 
antibodies (1:7500 in TBS). The filter was then 
washed as described above and equilibrated in AP 
buffer (100 mM tris/HCl pH 9.5, 100 mM NaCl, 5 mM 

30 MgCl 2 ) • The alkaline phosphatase reaction was started 

by means of the substrate addition of 70 /il of 
4-nitrotetrazolium (NBT) solution (50 mg/ml of NBT in 
70 % dimethyl-formamide) and 35 /il of 5-bromo- 
4-chloro-3-indolyl phosphate (BCIP) (50 mg/ml BCIP in 

35 dimethylformamide) in 50 ml of AP buffer. As a rule 
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the first signals were observed after 5 minutes. 

9# ^termination of the amvlo sa/amvlopectin ratio in 
starch of transgenic potato plants. 
5 Leaf pieces, having a diameter of 10 mm were floated 

in 6% sucrose solution under continuous light for 14 
hours. This light incubation induced a strong 
increased starch formation in the leaf pieces. After 
incubation, the amylose and amylopectin concentration 
10 was determined according to Hovenkamp-Hermelink et al 

(Potato Research 31, 241-246 (1988). 

The following examples illustrate the preparation of the 
plasmids according to the invention, the insertion of 
15 sequences from those plasmids into the plant cell as well 
regeneration of transgenic plants and the analysis of 
those transgenic plants. 

Example i 

20 Preparation of the nlasmid P35s-Be and insertion of the 
plasmid into the plant geno me of the potato. 

From a cDNA library in the expression vector^gtll, 
different clones were identified that cross-react with an 

25 antibody that is directed against the branching enzyme of 
potatoes. These clones were used to identify complete 
clones from a cDNA library in the Hindll-position the 
vector pUC 19 that originate from isolated mRNA of growing 
potato tubers. One clone isolated in this manner had an 

30 insert size of 2909 bp of the sequence! 
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10 20 30 *0 50 60 

, TC A6GA6CGG7C776GGA7A777C77CCACCCCAAAA7CAA6AG77AGAAAAGA76AAA6 

6 ^ 6AT6AA€CACA6TTCAGCTATTTCCSCT6TTTT6ACCfiAT6ACAATTC6ACAAT6GCACC 

12i CCTA6A6GAAGATGTCAACACT6AAAATATTG6CCTCCTAAATTTG6ATCCAACTTT66A 

181 ACCTTATCTAGATCACTTCAGACACA6AAT6AA6AGATATGT66ATCA6AAAATGCTCAT 

241 T6AAAAATATGAG6GACCCCTTGAGGAATTTGCTCAA66TTATTTAAAATTT6GATTCAA 

301 CAGGGAAGAT6GTTGCATAGTCTATCGTGAAT66GCTCCT6CTGCTCA6GAAGCAGAAGT 

361 TAT7G6C6ATTTCAAT6GTAG6AAC66TTCTAACCACAT6AT6GA6AA66ACCAGTTT6G 

421 TG77766A67A77A6AA77CC76A76776ACAG7AA6CCAG7CA77CCACACAAC7CCAG 

t.l AGTTAA6TTTCGTTTCAAACAT6GTAAT66A6T6T6G6TAGATCGTATCCCT6CTT6GAT 

541 AAAGTAT6CCACTGCA6ACGCCACAAAGTTT6CA6CACCATATGATGGTGTCTACT6G6A 

601 CCCACCACCTTCAGAAAGGTACCACTTCAAATACCCTCGCCCTCCCAAACCCCGAGCCCC 

661 ACGAATCTAC6AAGCACAT6TCG6CATGAGCAGCTCTGAGCCACGTGTAAATTCGTATCG 

721 T6A6TTT6CAGAT6ATGTTTTACCTC66ATTAA6GCAAATAACTATAATACT6TCCA6TT 

761 6AT66CCATAAT6GAACATTCTTACTAT6GATCATTT6GATATCAT6TTACAAACTTTTT 

841 TGCTGTGAGCAATAGATAT6GAAACCCGGAGGACCTAAA6TATCTGATA6ATAAA6CACA 

301 TAGCTTGGGTTTACAGGTTCT66T66ATGTAGTTCACA6TCATGCAAGCAATAAT6TCAC 

961 TGATG6CCTCAAT6GCTTTGATATTG6CCAA6GTTCTCAA6AATCCTACTTTCAT6CT6G 

1021 AGA6C6AGG6TACCATAA6TT6T666ATAGCA66CT6TTCAACTAT6CCAATT66GA66T 

1081 TCTTC6T7TCCTTCTTTCCAACTT6A66TG6T6GCTA6AAGA6TATAACTTTGACGGATT 

1U 1 TC6ATTTGAT66AATAACTTCTAT6CTGTATGTTCATCATGGAATCAATATGGGATTTAC 

1201 A66AAACTATAATGAGTATTTCAGCGAGGCTACAGATG7TGATGCTGTGGTCTATTTAAT 

12 61 6TT66CCAATAA7CT6ATTCACAA6ATTTTCCCA6ACGCAACTGTTATTGCCGAAGAT6T 

,321 TTCTG6TAT6CC6G6CCTTA6CC66CCT6TTTCTGA66GAG6AATTGGTTTT6ATTACCG 

1381 CCTG6CAATGGCAATCCCA6ATAAGT66ATA6ATTATTTAAAGAATAA6AATGAT6AAGA 

! 44 1 TT6GTCCAT6AA6GAA6TAACATC6AGTTT6ACAAATAGGAGATATACAGAGAA6T6TAT 

1501 AGCATAT6C6GAGA6CCA7GATCAGTCTATTGTCGGT6ACAAGACCATT6CATTTCTCCT 

1561 
1621 

1681 6G7ACC7CAA777CA76GG7AAC6AG777G6CCA7CC76A67G6A77GAC77CCC7A67G 

1741 AGGGCAA7AA776GAG77A7GACAAA7G7AGACGCCAG766AACC7CGCAGA7AGCGAAC 

1 80 1 AC77GAGA7ACAAG777A76AA7GCA777GA7AGA6C7A7GAA77C6C7C6A7GAAAAGT 

1861 TC7CA77CC7CGCA7CAGGAAAACAGA7AG7AA6CAGCA7GGA7GA7GA7AA7AA6G77G 

1921 T767G777GAAC676G7GACC7GG7A777G7A77CAAC77CCACCCAAA7AACACA7ACG 



AA76AACAAA6A6A7G7A77C7GGCA7G7C77GC77GACA6A7GC7TC7CC7G77G77GA 
76CA66AAT76C6C7T6ACAA6A76ATCCAT777777CACAA7GGCCT766GAGGA6A66 
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. 2 o 30 *0 50 60 

A>fi6STATAAA6TT66ATST6ACTT6CCA6S6AA6TACASA6TT6CACTS6ACA6T6AT6 

CTT666AATTT66T66CCAT6SAAGA6CT66TCAT6AT6TT6ACCATTTCACATCACCA6 

AA6GAATACCTSGA6TTCCA6AAACAAATTTCAAT6STCGTCCAAATTCCTTCAAASTGC 

TGTCTCCTGCGCGAACATGT6T66CTTATTACAGAGTTGAT6AACGCATGTCATAAACTG 

AA6ATTACCA6ACA6ACATTTGTA6TGAGCTACTACCAACA6CCAATATCGAG6AAAGTG 

AC6A6AAACTTAAAGATTCATCATCTACAAATATCA6TACATCATCTACAAAAAAT6CTT 

ATTACAGA6TTGAT6AACGCAT6TCAGAA6CT6AAGATTACCAGACAGACATTT6TA6TS 

A6CTACTACTACCAACA6CCAATATC6A6GAGAGTGACGAGAAACTT6ATGATTCATTAT 

CTACAAATATCAGTAACATT6GTCAGACT6TT6TAGTTTCT6TTGAG6A6AGAGACAAGG 

AACTTAAAGATTCACCATCTGTAAGCATCATTAGT6AT6CTGTTCCA6CT6AAT6GGCTG 

ATTCGGAT6CAAAC6TCT66GGTGAGGACTAGTCA6ATGATTGATCGATCCTTCTACGTT 

G6TGATCTC6GTCCGTGCATGATGTCTTCAGGGT6GTAGCATTGACTGATTGCATCATAG 

TTTTTTTTTTTTTTTTTAAG TATTTCCTCTAT6CATATTATTAGCATCCAATAAATTTAC 

TGGTT6TT6TACATAGAAAAA6TGCATTT6CATGTAT6TGTTTCTCT6AAATTTTCCCCA 

GTTTT66T6CTTTGCCTTT6GAGCCAAGTCTCTATATGTAATAAGAAAACTAAGAACAAT 

CACATATATAAAAT6TTAGTA6ATTACCA . 
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The 2909 bp long c-DNA contained in this clone was used 
for the next examples and is called cBE. 

5 For the preparation of a plasmid p35s-BE, this cDNA was 
provided with the promoter of the 35s-RNA of the 
cauliflower mosaic virus as well as the polyadenylation 
signal of the octopine synthase gene of the Ti-plasmid 
pTiACHS. For this the orientation of the C-DNA coding for 
10 the branching enzyme was chosen in such a way that the 
coding strain will be readable (sense-orientation) . The 
plasmid p35s-BE has a size of 13.6 kb and comprises the 
three fragments A, B and C which were cloned into the 
cleavage sites of the polylinker of BIN19. 

15 

Fragment A (529 bp) contains the 35s promoter of the 
cauliflower mosaic virus (CaMV) . The fragment contains the 
nucleotides 6909 to 7437 of the CaMV (Franck et al., Cell 
21, 285-294). It was isolated as EcoRI-KpnI-fragment from 
20 the plasmid pDH51 (Pietrzak et al, Nucleic Acids Research 
14, 5857-5868) and was cloned between the EcoRI-Kpnl- 
cleavage position of the polylinker of the plasmid BIN 19. 

Fragment B contains a 2909 bp cDNA fragment cBe which 
25 codes for the branching enzyme. It was cut out as Hindlll- 
Smal-fragment of the vector pUC 19 and was cloned into the 
Smal-position of the polylinker of BIN 19 after filling-in 
of the Hind-III-position with DNA polymerase. For this the 
orientation of the cDNA was chosen in such a way that the 
30 coding strand is readable and a sense-RNA is formed. The 

cleavage sites BamHI/Xbal and Pstl/SphI originate from the 
polylinker of pUC 19. The cleavage sites BamHI/Xbal/ 
Sail/PstI originate from the polylinker of BIN 19. The two 
EcoRI cleavage sites located on the fragment B are 
35 internal cleavage sites of the fragment. 
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Fragment C (192 bp) contains the polyadenylation signal of 
the gene 3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen 
et al EMBO J. 3, 835,846), nucleotides 11749-11939, which 
are isolated as PvuII-Hindlll fragment from the plasmid 
5 pAGV 40 (Herrera-Estrella et al (1983) Nature 303, 209- 
213) and were then cloned onto the PvuII cleavage site 
between the Sphl-Hind-III cleavage site of the polylinker 
of BIN 19, after addition of SphI linkers (see Fig 1). 

10 The plasmid p35s-BE was transferred into potatoes with the 
help of the agrobacterial system. After this whole plants 
were regenerated. Protein extracts isolated from tubers of 
these plants were tested for the existence of the 
branching enzyme using the western blot analysis. Further, 

15 tubers of these plants were tested for the content of 
amylose and amylopectin. 

Example 2 

rann Hnn of th P plasmid p35s-anti-BE and introduction 
20 rv f the pla <™n, d the p lant genome of potato. 

in a similar manner to that described in Example 1, the 
plasmid P 35s-anti-BE was prepared, but the orientation of 
the designated cDNA of the branching enzyme was inverted 
25 relative to the 35 S promotor. The plasmid P 35s-anti-BE 

has a size of 13.6 kb and comprises the three fragments A, 
B and C which were cloned in the cleavage sites of the 
polylinker of BIN19. 

30 Fragment A (529 bp) contains the 35s promoter of the 

cauliflower mosaic virus (CaMV) . The fragment contains the 
nucleotides 6909 to 7437 of the CaMV (Franck et al. Cell 
21, 285-294), and was isolated as EcoRI-KpnI-fragment from 
the plasmid pDH51 (Pietrzak et al Nucleic Acids Research 

35 14, 5857-5868) and cloned between the EcoRI-KpnI-cleavage 
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site of the polylinker of the plasmid BIN 19. 

Fragment 6 contains the 2909 bp cDNA fragment cBE which 
codes for the branching enzyme. It was cut from the 
5 Hindlll-Smal-fragment of the vector pUC 19 and cloned in 
the smal-position of the polylinker BIN 19 after filling 
in of the Hindlll-position with DNA polymerase. The 
orientation was chosen in such a way that the non-coding 
strand is readable and an anti-sense-RNA is formed. The 
10 cleavage sites SphI, PstI and Xbal, BamHI, Smal originate 
from the polylinker pUC 19. The cutting positions 
BamHI /Xbal /Sail /PstI originate from the polylinker of BIN 
19. The two EcoRI cleavage sides contained on the fragment 
B are internal cleavage sides of this fragment. 

15 

Fragment C (192 bp) contains the polyadenylation signal of 
gene 3 of the T-DNA of the Tl-plasmid pTiACHS (Gielen et 
al EMBO J 3, 835-846), nucleotides 11749-11939, which were 
isolated as PvuII-Hindlll-fragment from the plasmid pAGV 
20 40 (Herrera-Estrella et al (1983), and which were cloned 
between the Sphl-Hindlll-cleavage position of the 
polylinker of BIN 19 after addition of Sph-I-linkers to 
the Pvu-I I -cleavage position (see Fig 2). 

25 The plasmid p35s-anti-BE was transferred into potatoes 
using the agrobacterial system. After this whole plants 
were regenerated. 

Protein extracts, which had been isolated from tubers of 
30 these plants, were tested for the existence of the 

branching enzyme using the western blot analysis. Tubers 
of these plants were also tested for the content of 
amy lose and amylopectin. 



35 
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Example 3 

Pre paration of the plasmid P33-B E and intxoduction of the 
plg smid into the plan t genome of the potato. 

5 In a similar manner to that described in Example 1, the 
plasmid p33-BE was prepared, but replacing the 35s 
promoter with the promoter of the class I patatin-gene B33 
(Rocha-Sosaet al EHBO J 8 23-29). The plasmid p33-Be has 
a size of 14.6 kb and consists of the three fragments A, B 
10 and C that were cloned into the cleavage position of the 
polylinker of BIN 19. 

Fragment A contains the Dral-Dral-fragment (position -1512 
to position +14) of the promoter region of the patatin- 

15 gene B33 (Rocha-Sosa et al EMBO J 8. 23-29), which was 
first of all cloned into the Sad -position of the 
polylinker of pUC 18. For this the overhanging 3'- end of 
the Sac-I-cleavage site had been rendered blunt by T4-DNA 
polymerase. After this the EcoRI-BamHI -fragment was 

20 inserted between the EcoRI-BamHI-position of the 
polylinker of BIN 19. 

Fragment B contains the 2909 bp cDNA fragment cBE which 
codes for the branching enzyme. It was cut out as Hindlll- 

25 Smal-fragment from the vector pUC 19 and was cloned into 
the Smal-position of the polylinker of BIN 19 after the 
Hindlll-position was filled in with DNA polymerase. For 
this the orientation of the cDNA was chosen in such a way 
that the coding strand was readable and a sense-RNA was 

30 formed. The cleavage sites BamHI/Xbal and Pstl/SphI 
originate from the polylinker of pUC 19. The cutting 
positions BamHI/Xbal/Sall/PstI originate from the 
polylinker of BIN 19. The two EcoRI-cleavage sites 
contained on the fragment B are internal cleavage sites of 

35 this fragment. 
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Fragment C (192 bp) contains the polyadenylation signal of 
gene 3 of the T-DNA of the Ti-plasmid PtiACHS (Gielen et 
al EMBO J 3, 835-846, Nucleotide 11749-11939), which was 
isolated as Pvu-II-HindIII-fragment from the plasmid pAGV 
5 40 (Herrera-Estrella et al (1983) Nature 303, 209-213) and 
which was cloned between the sphl-Hindlll-cleavage site of 
the polylinker of BIN 19 after addition of Sphl-linkers to 
the PvuII-cleavage site. 

10 The plasmid p33-BE was transferred into Aorobact er ium 
timnefaciens and used for the transformation of potato 
plants . 

Example 4 

15 Preparation of the plasmid p33-anti-BE and introduction of 
plasmid into the plant genome of potato. 

In a similar manner to that described in Example 2, 
plasmid p33-anti-BE was prepared but replacing the 
20 35S-promoter with the promoter of the class I patatin-gene 
B33 (Rocha-Sosa et a 1 EMBO J 8, 23-29). The plasmid 
p33-anti-Be has a size of 14.6 kb and consists of three 
fragments A, B and C which were cloned into the cleavage 
sites of the polylinker of BIN 19. 

25 

Fragment A contains the Dral-Dral-fragment (position -1512 
to position +14) of the promoter region of the patatin- 
gene B33 (Rocha-Sosa et al EMBO J 8, 23-29) which was 
firstly cloned into the Sacl-position of the polylinker of 
30 pUC 18. The overhanging 3* -ends of the Sacl-cleavage site 
were rendered blunt by T4-DNA polymerase. After this the 
fragment was inserted as EcoRI-BamHI- fragment between the 
EcoRI-BamHI-position of the polylinker of BIN 19. 

35 Fragment B contains the 2909 bp cDNA fragment cBE which 
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codes for the branching enzyme. It was cut out as Hindlll- 
Smal-fragment from the vector pUC 18 and after filling in 
the Hindlll-position with the DNA polymerase, it was 
cloned into the Smal -position of the polylinker of BIN 19. 
5 For this the orientation of the cDNA was chosen in such a 
manner that the non-coding strand was readable and anti- 
sense-RNA could be formed. The cutting positions SphI, 
PstI and Xbal, BamHI, Smal originate from the polylinker 
of pUC 19. The cutting positions BamHI/ Xbal/Sall/PstI 
10 originate from the polylinker of BIN 19. The two EcoRI 
cleavage sites which are located on the fragment B are 
internal cleavage sites of the fragment. 

Fragment C (192 bp) contains the polyadenylation signal of 
15 the gene 3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen 
et al EMBO J 3, 835-846), Nucleotides 11749-11939), which 
had been isolated as PvuII-Hindlll-fragtoent from the 
plasmid pAGV 40 (Herrera-Estrella et al (1983) , Nature 
303, 209-213) and which was cloned between the Sphl- 
20 Hindlll-cleavage site of the polylinker of BIN 19 after 
addition of Sphl-linkers to the PvuII cleavage sites. 

The plasmid p33-anti-BE was introduced in Agrobacterium 
•fcumefaciens and was used for the transformation of potato 
25 plants . 

Kxamnle 5 

The nucleotides 166-2909 of the 2909 bp cDNA sequence 
described in Example 1, that codes for the branching 

30 enzyme in the Hindll-cleavage site of the cloning vector 
pUC 19 were inserted into the corresponding cleavage sites 
of the polylinker of the cloning vector pUC 18. This makes 
possible a fusion of the N-end of the a-peptide of the 
B-galactosidase located on the vector with a part of the 

35 branching enzyme. The functionality of the resulting 
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fusion protein was tested in a mutant of Escherichia coii 
(KV 832) which is deficient in the branching enzyme (Kiel 
et al Gene 78, 9-17). Cells transformed with this 
construction were plated out on YT-agar plates containing 
5 0.5% glucose. The resulting colonies were stained with 

Lugolscher solution. The transformed plant cells showed a 
yellow-red colour in contrast to the blue coloured 
un-transformed plant cells which indicates the branching 
activity of the fusion protein (Kiel et al Gene 78, 9-17) . 
10 An over-production of this protein in Escherichia coli 
enables the use as technical enzyme. 
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Claims 

1. A plasmid that contains a DNA sequence that contains 
information that causes changes in the carbohydrate 
concentration and the carbohydrate composition in 

5 regenerated plants, after insertion into the plant 

genome. 

2. A plasmid according to Claim 1 characterised in that 
the DNA sequence is the coding sequence of a 

10 branching enzyme. 

3. a plasmid according to Claim 2 characterised in that 
the branching enzyme is an enzyme having the 
following sequence: 



15 



10 20 30 *0 50 60 

1 TCA66A6C66TCTT666ATATTTCTTCCACCCCAAAATCAASA6TTASAAAA6ATGAAAS 

6 1 6ATSAA6CACA6TTCA6CTATTTCC6CT6TTTTGACC6ATGACAATTC6ACAAT66CACC 

,21 CCTA6AS€AA6ATGTCAACACT6AAAATATT6GCCTCCTAAATTT6GATCCAACTTT6GA 

161 ACCTTATCTA6ATCACTTCAGACACA6AATGAA6A6ATATGTGGATCAGAAAATGCTCAT 

2*1 T6AAAAATATGA6GGACCCCTT6A66AATTT6CTCAAG6TTATTTAAAATTT66ATTCAA 

301 CA666AA6AT6GTTGCATA6TCTATC6TGAATGG6CTCCTGCT6CTCA66AAGCA6AAGT 

3S1 TATTGGC6ATTTCAAT6GTAGGAAC6GTTCTAACCACATGAT6GAGAAGGACCAGTTTGG 

« AAAGTAT6CCACTGCAGAC6CCACAAAGTTTGCA6CACCATATGAT6GT6TCTACT6GGA 

601 CCCACCACCTTCAGAAAGGTACCACTTCAAATACCCTCGCCCTCCCAAACCCCGAGCCCC 

661 AC6AATCTAC6AA6CACAT6TCG6CATGAGCA6CTCT6A6CCACGT6TAAATTCGTATCG 

72 1 T6AGTTTGCAGATGAT6TTTTACCTCG6ATTAA6GCAAATAACTATAATACTGTCCA6TT 

761 6AT66CCATAATG6AACATTCTTACTAT6GATCATTTGGATATCATGTTACAAACTTTTT 

, T6CTGTGA6CAATA6ATAT6GAAACCC6GA6GACCTAAA6TATCTGATAGATAAAGCACA 

901 TAGCTTG66TTTACA6GTTCT6GT6GATGTAGTTCACAGTCATGCAA6CAATAAT6TCAC 

361 T6ATGGCCTCAAT66CTTTGATATTGGCCAAG6TTCTCAAGAATCCTACTTTCAT6CT6G 

102 1 A6A6CGA6GGTACCATAAGTT6TG6GATAGCA6GCT6TTCAACTAT6CCAATT666AG6T 
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10S1 TC77CGT7TCC77C7T7CCAAC776A6676G766C7AGAA6AG7A7AAC777GACGGA77 
1141 TC6AT7TSAT66AATAACTTCTAT6CT6TAT6TTCATCAT66AATCAATAT6GGATTTAC 
12 01 AGGAAACTATAAT6A6TATTTCAGC6A66CTACAGATGTTGATGCTGT6GTCTATTTAAT 
1261 GTT6GCCAATAATCT6ATTCACAA6ATTTTCCCA6ACGCAACTGTTATTGCCGAAGATGT 
1321 TTCT66TAT6CCG66CCTTAGCC66CCT6TTTCTGA6GGA6GAATT6G7TTT6ATTACCG 
CCT6GCAATGGCAATCCCA6ATAA6T66ATA6ATTATTTAAAGAATAAGAATGAT6AAGA 
TTGGTCCATGAA66AA6TAACATCGA6TTT6ACAAATA6GA6ATATACAGA6AA6T6TAT 
AGCATAT6C6GAGA6CCAT6ATCAGTCTATTGTCG6TGACAA6ACCATTGCATTTCTCCT 
AAT6AACAAA6A6ATGTATTCTG6CAT6TCTT6CTT6ACAGATGCTTCTCCTGTTGTTGA 
TGCAG6AATT6CGCTT6ACAAGAT6ATCCATTTTTTTCACAAT6GCCTT666A66AGAGG 
1681 66TACCTCAATTTCATG6GTAAC6A6TTT66CCATCCT6A6T6GATT6ACTTCCCTA6T6 
1741 A666CAATAATTG6A6TTAT6ACAAATGTA6ACGCCA6T6GAACCTCGCA6ATAGCGAAC 
ACTT6A6ATACAAGTTTAT6AAT6CATTT6ATA6A6CTAT6AATTCGCTC6ATGAAAAGT 
TCTCATTCCTC6CATCA66AAAACA6ATAGTAAGCAGCATGGAT6ATGATAATAA66TTG 
TT6T6TTT6AACGTG6T6ACCTGGTATTTGTATTCAACTTCCACCCAAATAACACATAC6 
AAGGG7ATAAA6TT6GAT6TGAC7TGCCAG6GAAGTACA6AGTTGCACTG6ACAGT6ATG 
2041 C77G66AA7T76676GCCA76GAA6A6C76GTCAT6A76776ACCA777CACATCACCAG 
2101 AA66AA7ACC766A6T7CCAGAAACAAA777CAA76G7C67CCAAA77CC77CAAAG7GC 
2161 767C7CC76C6C6AACA7676T66C77A77ACAGA677GA76AAC6CA76TCATAAAC7G 
2221 AA6A77ACCA6ACAGACA77T67A67GAGC7AC7ACCAACAGCCAA7A7CGAG6AAAGTG 
2281 ACGA6AAAC77AAAGA77CA7CA7C7ACAAA7A7CAG7ACA7CA7CTACAAAAAA76CTT 
2341 A77ACA6A6TT6A76AAC6CA767CA6AA6C76AA6A77ACCAGACAeACA77767AG76 
2401 A6C7ACTAC7ACCAACA6CCAA7A7CGA66A6A67GACGAGAAAC77GA76A77CA77A7 
2481 C7ACAAA7ATCA6TAACA7T667CA6AC76TT67AG777C7G77GA66AGA6AGACAAG6 
2521 AAC77AAAGA77CACCA7C7G7AAGCA7CA77AG7GA7GC7G77CCAGC7GAA7666C7G 
258 1 A77C66A76CAAAC67C766GG7GA66AC7A67CAGA7GA77GA7CGA7CC77C7ACG77 
26*1 6G76A7C7C667CCG76CA76A7G7C77CAG6G7GG7AGCAT7GAC76A776CA7CA7AG 
2701 T777T7T7TTTTTTTTTAA6TA7T7CC7C7A76CA7A77AT7AGCA7CCAA7AAA777AC 
2761 7G6776776TACA7AGAAAAA6TGCA7T76CA767A7G767T7C7C7GAAA7777CCCCA 
2821 677776676CTTTGCC77766A6CCAA67CTC7A7A7G7AA7AAGAAAAC7AAGAACAA7 
2881 CACA7A7A7AAAA7G7TAG7AGA77ACCA . 
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144 
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4. A plasmid according to any one of the preceding 
claims, characterised in that the carbohydrates are 
mono-, di-, oligo- or polysaccharides. 

5. A plasmid according to Claim 4 characterised in that 
the polysaccharide is starch. 

6. A plasmid according to Claim 3 characterised in that 
the branching enzyme alters the amy lose/ amylopectin 
ratio of the starch in plant cells and in plants. 



7. A plasmid according to Claims 2 or 3 characterised in 
that the DNA sequence of the branching enzyme is 
fused to the regulatory sequences of other genes that 

15 ensures a transcription of the branching enzyme 

coding DNA sequence. 

8. A plasmid according to Claim 7 characterised in that 
the DNA sequence of the branching enzyme is fused in 

20 inverted direction to the regulatory sequence of 

other genes thereby the 3 '-end of the coding sequence 
is fused to the 3 '-end of the promoter and the 5 '-end 
of the coding sequence is fused to the 5«-end of the 
termination signal that gives an anti-sense RNA in 

25 the plant produced by the branching enzyme. 

9. A plasmid according to Claims 7 or 8 characterised in 
that the regulatory sequences are promoters and 
termination signals of plant or viral genes. 

30 

10. A plasmid according to Claim 9 characterised in that 
the promoter is a promoter of the 35s RNA of the 
cauliflower mosaic virus and the termination signal 
is the 3' -end of the octopine-synthase-gene of the 

35 T-DNA of the Ti-plasmid pTiACH5. 
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11. A plasmid according to Claim 9 characterised in that 
the promoter is a promoter of the class I patatin- 
gene B33. 

5 12. Plasmid P35 S-BE (DMS 6143) 

13. Plasmid P35 S-anti-BE (DSM 6144) 

14. Plasmid P33-Be (DSM 6145) 

10 

15. Plasmid P33-anti-Be (DSM 6146) 

16. A plant that contains a sequence of at least one 
plasmid according to any one of Claims 1 to 15. 

15 

17. A plant according to Claim 16 characterised in that 
the plants are commercially used plants such as 
maize, barley, wheat, rice, pea, soya bean, sugar 
cane, sugar beet, tomato, potato or tobacco. 

20 

18. Use of the plasmids claimed in any one of claims 12 
to 15, for the production of transgenic plants in 
which the amylose/amylopectin ratio of the starch is 
modified. 

25 

19. Use of the plasmids according to Claim 18 
characterised in that the plants are commercially 
used plants. 

30 20. Use of the plasmids according to Claim 19 

characterised in that the plants are maize, barley, 
wheat, rice, pea, soya bean, sugar cane, sugar beet, 
tomato, potato and tobacco. 
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